The current standard for occupational exposure to asbestos is 2 fibers/cm3 averaged over an 8-hr day. A NIOSH/OSHA committee has recently concluded that the 2 fiber/cm3 standard is grossly inadequate to protect workers from asbestos-related disease, and that all levels of asbestos exposure studied thus far have demonstrated asbestos-related disease. The committee recommends that a 0.1 fiber/cm3 limit replace the current 2 fiber/ cm3 standard on the grounds that this is the lowest level detectable with currently available analytical techniques. Thus a 0.1 fiber/cm3 limit is not based on epidemiological data but on the presumption that any level of exposure is disease producing.
Epidemiologic Basis for the Asbestos Standard
by Philip E. Enterline* The current standard for occupational exposure to asbestos is 2 fibers/cm3 averaged over an 8-hr day. A NIOSH/OSHA committee has recently concluded that the 2 fiber/cm3 standard is grossly inadequate to protect workers from asbestos-related disease, and that all levels of asbestos exposure studied thus far have demonstrated asbestos-related disease. The committee recommends that a 0.1 fiber/cm3 limit replace the current 2 fiber/ cm3 standard on the grounds that this is the lowest level detectable with currently available analytical techniques. Thus a 0.1 fiber/cm3 limit is not based on epidemiological data but on the presumption that any level of exposure is disease producing.
This paper addresses the question of whether it would be possible to detect health effects of exposure below the current 2 fiber/cm3 standard. Five studies are reviewed which provide evidence on the strength of the relationship between asbestos fiber exposure and lung cancer. Calculation of sample sizes needed to be 95% certain of detecting the kind of excess probably associated with exposure to 2 fibers/cm3 suggests that epidemiology is not likely to be useful in detecting lung cancer below the current standard. Some outcome measures other than lung cancer or clinical asbestosis will be needed if observations on humans are to be used as evidence for a lowering of the present standard.
In 1938 the Public Health Service reported on chest X-rays of 541 employees in four asbestos textile plants (1) . They found many cases of asbestosis where dust exposure had exceeded 5 million particles per cubic foot (mppcf), but only three doubtful cases for workers exposed at less than 5 mppcf. In their report they stated: "It would seem that if dust concentrations in asbestos factories could be kept below 5 million particles, new cases of asbestosis probably would not occur."
This recommendation was adopted by most states, The American Conference of Governmental Industrial Hygienists and eventually by many countries throughout the world. In fact, when I first became interested in asbestos during the early 1960s and visited a number of countries I was assured that they all abided by the "American Standard." That is, they all used 5 The National Institute of Occupational Safety and Health (NIOSH) took note of the British recommendation and in 1972 concurred that exposure should be reduced from 5 to 2 fibers/cm3. Before this could be acted upon by OSHA, new evidence from the same British factory used in the recommendation of the 2 fiber/cm3 standard became available which showed abnormal X-ray findings related to the lung and pleura among workers exposed at levels below 2 fibers/cm3 and in October 1975 OSHA proposed a 0.5 fiber/cm3 standard (40 FR 197) . In addition to the new British data, OSHA cited another study in which 38% of 210 family contacts of former asbestos workers at Patterson, New Jersey, were reported to show X-ray changes characteristic of asbestos exposure. The actual exposure for these persons was believed to have been much lower than that in occupational circumstances. In recommending this 0.5 fiber/cm3 standard, evidence of the carcinogenic properties of asbestos was cited. Of particular importance was evidence that malignant mesotheliomas were occurring in populations where exposure was "much less than 100 fiber years," the level suggested in 1972 by the NIOSH 2 fiber/cm3 recommendation with 50 years lifetime exposure. Evidence was also beginning to accumulate which showed that lung cancer might be occurring below the exposure levels where asbestosis could be detected. A major consideration in setting the 0.5 fiber/cm3 standard appears to have been the mounting evidence that asbestos was a human carcinogen. A memorandum dated September 1975 to the Deputy Assistant Secretary of Labor for OSHA from the Director of NIOSH was cited: "multiple and consistent epidemiologic studies leave virtually no doubt that asbestos is carcinogenic in man."
In early 1976 OSHA adopted as a permanent standard the 2 fiber/cm3 standard recommended by NIOSH in 1972. This remains in effect to this day. No action has been taken by OSHA on its 1975 proposal that the permissible exposure level be dropped to 0.5 fiber/cm3. Nor has any action been taken on a 1976 NIOSH proposal that the exposure limit be dropped to 0.1 fiber/cm3.
In the fall of 1979 a NIOSH/OSHA committee was formed under the direction of the then Assistant Secretary of Labor, Eula Bingham, to review the scientific information concerning asbestosrelated disease and assess the adequacy of the 2 fiber/cm3 standard. In their April 1980 report they concluded that the 2 fiber/cm3 standard is grossly inadequate to protect workers from asbestos-related disease, pointing out that the 1968 BOHS standard upon which it was based was limited to the purpose of minimizing asbestosis and that it subsequently was shown to be inadequate for this. Second, they noted that all levels of asbestos exposure have demonstrated asbestosrelated disease, and that a linear dose-response curve appears to best describe the relationship. It was noted, however, that adequate epidemiological information was not available to show the disease experience of workers exposed at levels below 2 fibers/cm3 and that any recommendation for a standard below 2 fibers/cm3 needs to be based on the presumption that an excess exists but that workers have not been followed long enough to detect a disease excess. A 0.1 fiber/cm3 limit was recommended to replace the current 2 fiber/cm3 standard on the grounds that this is the lowest level detectable with currently available analytical techniques (4) .
It is important that the NIOSH/OSHA committee's recommendation of a 0.1 fiber/cm3 limit was not based on epidemiologic data. Even at 0.1 fiber/ cm3 they believed that disease might occur. This principle of setting an asbestos standard at the lowest level detectable would eventually lead to a near zero permissible level and the total banning of asbestos as analytic techniques improve. This is the principle followed by the Food and Drug Administration in setting allowable concentrations of carcinogenic substances in food. It requires no epidemiologic data, other than that which might be used to classify a substance as a carcinogen in the first place. Whether this kind of basis for rulemaking in regard to occupational exposures will be upheld in the courts is uncertain in view of a recent Supreme Court decision that held that some benefit must be demonstrated when changing a standard in this way (5).
While consideration was being given to lowering the asbestos standard in the U.S., a kind of parallel but more formalized project was being carried out in Great Britain. In 1976 an Advisory Committee on Asbestos (BACOA) was established to review the risks to health arising from exposure to asbestos and to make recommendations. A final report from this committee appeared in October 1979. This report recommends a reduction in the then 2 fiber standard in effect in Great Britain to 1 fiber for chrysotile asbestos, 0.5 fibers for amosite asbestos, and a virtual banning of crocidolite asbestos (6) . The committee's report is of particular interest, since the committee itself excluded persons who had already made commitments on the asbestos question and thus provides Clearly an important health effect is lung cancer. Whether this can be detected at low exposure levels depends largely on what the dose-response relationship betwen asbestos and lung cancer truly is. The BACOA report cited three studies which model this dose-response relationship. In two of these the relationship between asbestos exposure at several levels and respiratory cancer mortality was reported-a Canadian study of miners and millers in the Province of Quebec and an American study of retired asbestos products workers (7, 8) . In both of these studies there was a strong positive linear relationship between a time-weighted measure of dose and respiratory The third study cited in the BACOA report is of a textile factory in Great Britain where an estimate of fiber concentrations was available along with a relative risk for respiratory cancer (9) . From this it was possible, by extrapolating to zero, to determine the slope for a linear doseresponse relationship. Table 2 shows the linear regression coefficients that can be calculated from these three models. In addition two studies have been added which gives data comparable to the Canadian and American studies cited in the BA-COA report (10, 11) , along with an update of the study of the British asbestos textile factory (12) .* This update reflects the changes mentioned earlier in the method of dust counting in Great Britain and which raised estimates of historic exposures from around 12 to 30 fibers/cm3. Thus, *What has been calculated for the Peto study is exposure in fibers per cubic centimeter prior to 1951 in relation to the relative risk for lung cancer after 1951.
there are a total of six studies from which estimates can be made of the regression coefficients for levels of asbestos exposure and lung cancer. It may be significant that in only three of these were fiber counts actually given by the authors, while in the others only counts of particles were given and it was necessary to convert the reported data from millions of particles per cubic foot to fibers per cubic centimeter. Table 2 also shows the standardized mortality ratio (SMR) for lung cancer that is predicted by each study at 100 fibers/cm3 years, assuming a linear regression equation of the form: SMR = 100 + b(f/cc-yr) It is remarkable that the estimates shown in Table 2 differ so widely, particularly in view of the fact that the extremes are fairly well documented with extensive industrial hygiene input, and deal primarily with the same type of asbestos (chrysotile).
Each of the models shown in Table 2 can be used to estimate sample sizes needed to detect a lung cancer excess in workers exposed at the current limit of 2 fibers/cm3. Using the model from the Peto paper cited by the BACOA, for example, the model is: SMR = 100 + 0.05 fibers/cm3-yr so that at 100 fibers/cm3-yr, SMR = 150.
Suppose we would like to develop an epidemiological study that would be 95% certain to detect a difference between the lung cancer risk at the present standard of 2 fibers/cm3 and the NIOSH/ OSHA proposed standard of 0.1 fibers/cm3. How large would the samples need to be to detect this kind of difference? To make the problem easier, consider 0.1 fiber/cm3 as essentially an unexposed population, so that for the Peto model the problem is to distinguish between an SMR of 150 and an SMR of 100, or more simply to detect a 50% excess in lung cancer.
An easy way to approximate sample sizes needed to detect a lung cancer excess of some This is the number of deaths for all causes needed to be observed in each of two groups to be 95% certain of detecting a 50% excess in lung cancer caused by asbestos at 2 fibers/cm3 for 50 years in one of the groups. Table 3 shows the estimated number of deaths for each of the models shown in Table 2 along with population sizes needed in studies where average follow-up is 25 years. Identifying very many workers with 50 years exposure at 2 fibers/cm3 would be very difficult. It might be possible, however, to identify workers with 25 years exposure at about the present 2 fibers/cm3 standard. If linear relationships held, this would result in half the excess produced by 50 years exposure. In the above example this reduces the excess (P2 -P0) to 0.0125 and about quadruples deaths and population sizes shown in Table 3 . Under these conditions it is unlikely that the required sample sizes could be obtained for any but the Dement model, and perhaps the Peto (BACOA) model. Sample sizes would be considerably reduced if some standard population were used for comparison instead of a control group; however, for the small relative risks predicted by all but the Dement model, this would be risky since confounding factors such as tobacco smoking which have a great effect on lung cancer incidence would be difficult to control in such a population.
Discussion
Epidemiology using lung cancer as an end point is not likely to be very useful in providing evidence of an effect of asbestos and lung cancer at levels below the current permissible level of 2 fibers/cm3. If some outcome other than lung cancer was used, the chance of detecting an effect would be better. Clincial asbestosis is probably not a good choice since this is as rare as lung cancer. X-ray changes have been mentioned, but these do not necessarily measure the "material impairment of health or functional capacity" which seems to form the basis for government standard setting. Lung function studies have some potential for detecting early effects of asbestos exposure, and may precede X-ray changes (13) . This might prove to be a better end point measure. Malignant mesothelioma also results from asbestos exposure apparently at levels below those needed to produce lung cancer and perhaps even at levels below those which either produce X-ray changes or lung function abnormalities, so that another possibility for measuring health effects at low exposure levels might be to develop case control studies for this condition.
There is some hope that epidemiologic investigations will be useful in the future in establishing new exposure limits for asbestos. However, this will probably require the use of outcome measures other than lung cancer or clinical asbestosis.
